We conduct a multiwavelength continuum variability study of the Seyfert 1 galaxy NGC 5548 to investigate the temperature structure of its accretion disk. The 19 overlapping continuum light curves (1158Å to 9157Å) combine simultaneous HST , Swift , and ground-based observations over a 180 day period from 2014 January to July. Light-curve variability is interpreted as the reverberation response of the accretion disk to irradiation by a central time-varying point source. Our model yields the disk inclination i = 36
INTRODUCTION
The dominant source of radiation from active galactic nuclei (AGN) is thought to be due to a blackbodyemitting accretion disk orbiting a supermassive black hole (SMBH). The inner edge of the accretion disk is determined by the spin of the black hole, and the disk temperature declines as T (r) ∝ r −3/4 (Shakura & Sunyaev 1973) for simple thin-disk models away from the inner edge of the accretion disk. Testing models of accretion disks, and measuring their properties such as their overall size scale, the logarithmic slope of the temperature profile, or the inclination of the disk relative to the observer is an ongoing challenge.
Gravitational microlensing of multiply imaged lensed quasars (Wambsganss 2006 ) probes some of these issues. Microlensing studies find that disk sizes appear to be systematically larger than predicted by thin-disk theory but scale as expected with black hole mass (Morgan et al. 2010) . The temperature profiles are close to the predictions of thin-disk theory, but the detailed microlensing results are scattered around the T (r) ∝ r −3/4 expectation and tend to have uncertainties in the logarithmic slope that limit the precision of the test (Blackburne et al. 2014 (Blackburne et al. , 2015 Jiménez-Vicente et al. 2014 ). The few (and weak) limits on the inclination of the accretion disk favor face-on geometries as would be expected for the Type I AGN observed as gravitational lenses (Poindexter & Kochanek 2010; Blackburne et al. 2015) . The physical origin of the source of continuum variability remains unclear, but several studies point to X-rays leading ultraviolet (UV) variability (McHardy et al. 2014 (McHardy et al. , 2016 Troyer et al. 2016) . Microlensing observations of a number of gravitationally lensed quasars constrain the X-ray emitting region to lie within approximately 10 gravitational radii (r g = GM BH /c 2 ) of the SMBH (Morgan et al. 2012; Mosquera et al. 2013; Blackburne et al. 2014 ). This has also been inferred from the X-ray variability timescales for many Type 1 AGN (Kara et al. 2016; Uttley et al. 2014) .
Reverberation mapping (RM; Blandford & McKee 1982) of accretion disks provides an alternate probe of accretion-disk structure. The continuum variations at different wavelengths are correlated and systematically shows a lag that increases with wavelength if the data are of sufficiently high quality (Wanders et al. 1997; Collier et al. 1998; Sergeev et al. 2005; Cackett et al. 2007; Shappee et al. 2014; Edelson et al. 2015; Fausnaugh et al. 2016) . The delay arises because of the different paths taken by photons emitted from the irradiating source directly toward the observer, and photons that first travel from the source to a reprocessing site on the accretion disk before re-emission to the observer (in this work we assume the reprocessing time is negligible compared to the light-travel-time effect).
A simple model for accretion-disk variability is that a variable point source (e.g., a lamppost-like source) situated a few gravitational radii above the black hole irradiates the disk (Frank et al. 2002; Cackett et al. 2007 ). Hotter, more central parts of the disk respond to the variability ahead of the cooler regions farther out. The lamppost luminosity varies stochastically in time and photons hitting the disk surface are reprocessed into UV, optical, and infrared continuum emission with light-travel-time delays that increase with wavelength as τ ∝ λ 4/3 , reflecting the standard temperature profile, T ∝ r −3/4 . Evidence for this scenario has been found (Cackett et al. 2007; Shappee et al. 2014; Edelson et al. 2015; Lira et al. 2015; Fausnaugh et al. 2016) , with mean delays broadly increasing with wavelength according to the expected result.
The AGN Space Telescope and Optical Reverbera-tion Mapping project (STORM) collaboration has undertaken a large-scale observing campaign of NGC 5548. This object is one of the most thoroughly studied AGN and consistently exhibits significant continuum variability (Sergeev et al. 2007 ). Paper I of the AGN STORM series (De Rosa et al. 2015) presents the light curves obtained from the Hubble Space Telescope (HST) and uses a cross-correlation analysis to obtain the light-curve time lags across the C IV and Ly α light curves. Paper II (Edelson et al. 2015) presents optical and UV light curves from Swift and finds evidence for a τ ∝ λ 4/3 dependence of the continuum lags. Paper III (Fausnaugh et al. 2016 ) adds simultaneous ground-based light curves, determined using image-subtraction methods (Alard & Lupton 1998) , and analyses the light curves using both cross correlation (White & Peterson 1994) and JAVELIN (Zu et al. 2011 ); Paper IV (Goad et al. 2016 ) discusses the unexpected drop in the C IV, Si IV, and He II light curves during the NGC 5548 observing campaign; and Paper V (Pei et al., in prep) presents an analysis of the optical spectroscopic data and measures velocity resolved lags of the Hβ line profile.
In this work, we analyze 19 overlapping HST, swift, and ground-based continuum light curves spanning 1158 − 9157Å over 2014 January to July. This is the same dataset presented in Paper III with the addition of the Swift V -band light curve, and the reader is referred to Paper III for details on the data-reduction process. We apply a Monte Carlo Markov Chain code, CREAM (Continuum REprocesing AGN MCMC) Troyer et al. 2016) , to model these data. CREAM infers a disk inclination i, and the product of black hole mass and accretion rate MṀ , assuming the time delays arise because of the thermal reprocessing of photons emitted from a central lamppost by a thin accretion disk. CREAM additionally infers the shape of the driving light curve, that we can then compare to the variable X-ray emission.
This paper is organized as follows. Section 2 introduces the thermal reprocessing model and outlines the CREAM algorithm. In Section 3 we present the CREAM fits to the AGN STORM light curves, as well as the resulting constraints on the accretion-disk inclination and temperature-radius profile. Section 4 presents the CREAMinferred accretion-disk spectrum and discusses the implications of this for a standard blackbody accretion disk. We conclude the paper in Section 6 with a summary of our key findings. Throughout the paper we adopt cosmological parameters Ω m = 0.28, Ω Λ = 0.72, and H 0 = 70 km s −1 Mpc −1 (Komatsu et al. 2011) . In particular, the luminosity distance to redshift z = 0.0172 is D L = 75 Mpc. A black hole mass M BH = 10 7.51 M (Pancoast et al. 2014 ) is assumed where required.
REVERBERATING DISK MODEL
The τ ∝ λ 4/3 delay of continuum light curves is expected for thermal reprocessing of an axial, compact variable source (lamppost) irradiating a flat, blackbody accretion disk. Our model assumes that the accretion-disk flux in the UV and optical arises from blackbody emission described by the Planck function,
where h and k are the Planck and Boltzmann constants (respectively) and c is the speed of light. The disk exhibits UV and optical variability owing to irradiation by the lamppost, whose photons strike the disk and cause the temperature in Equation 1 to increase locally. The disk temperature is described by
where σ is the Stefan-Boltzmann constant, L b (t) is the lamppost luminosity, τ is the light-travel delay between photons emitted from the lamppost and those emitted at a disk radius r and azimuthal angle θ, G is the gravitational constant, a is the disk albedo, M andṀ are the black hole mass and accretion rate (respectively), and h is the height of the lamppost above the disk plane. We adopt r in = 6 r g , the radius of the innermost stable circular orbit (ISCO) for a Schwarzschild black hole. An observer sees a time delay, τ , between the lamppost and a point at r and θ of
where i is the disk inclination and i = 0
• corresponds to a face-on disk.
At large radii, the disk temperature profile is T ∝ r −3/4 . Since light-travel delays scale with radius as τ = r/c, and the characteristic wavelength is related to temperature by λ ∝ T −1 , the lag of a thin accretion disk should scale as τ ∝ λ 4/3 . In order to explore possible deviations from the thin-disk model, we adopt a power-law temperature profile of
where the reference temperature at radius r 1 is defined to be
and we adopt a scaling radius of r 1 = 1 light day. Here the thin-disk limit is α = 3/4.
2.1. CREAM Fitting Code CREAM is designed to fit the lamppost model to continuum AGN light curves and infer posterior probability distributions for T 1 , α, cos i, and the lamppost light curve X (t). A full description of CREAM, and tests using synthetic light curves, are presented by Starkey et al. (2016) . We provide here a description of CREAM's basic features.
The driving light curve X (t) is modelled as a dimensionless function normalized to a mean of X = 0 and a variance X 2 = 1. The continuum light curve at wavelength λ is
(6) where ψ (τ |λ) is the response function describing the contribution of the driving light curve at earlier times, X (t − τ ), to the flux at wavelength λ. The response function is normalized such that
so that the units are carried by ∆F ν (λ). CREAM parametrizes ψ (τ |λ) by T 1 (or equivalently MṀ ) and i. We derive the response function in the Appendix (Equation A5); see also Starkey et al. (2016) . We show the dependence of the response function on λ, MṀ , i, and α in Figure 1 . The response functions rise rapidly to a peak and then trail off with a long tail toward large lags. As the disk becomes edge-on, the range of time delays increases, with delays on the near side of the disk decreasing, and delays on the far side of the disk increasing relative to face-on inclinations. The effect on the response function is to skew the peak toward lower delays while increasing the long-delay tail. Solid vertical lines in Figure 1 show that the mean lag, τ , is unaffected by inclination. Increasing MṀ raises the temperature at all radii (Equation 2), and the emission at a given wavelength arises from larger radii. Since the cooler parts of the disk are found at larger radii and emit photons at longer wavelengths, the delays increase with wavelength. The mean delays scale with MṀ and wavelength as τ ∝ (MṀ ) 1/3 λ 4/3 .
2.2. Driving Light Curve: X (t) CREAM models the driving light curve as a Fourier time series
with 2N k +1 model parameters -the sine and cosine amplitudes (S k and C k ) for each of the N k Fourier frequencies, and an offset parameter C 0 . These driving lightcurve parameters are determined as part of the fit. We use lower and upper frequencies corresponding to 300 days and 2 days (respectively), where the kth angular frequency ω k = k∆ω and N k = 150. Table 1 summarizes the model parameters and their priors. We include constant and variable components for each light curve, F ν (λ) and ∆F ν (λ). The delay distribution ψ (τ |λ) is parameterized by cos i, T 1 , and α. Random disk orientations are simulated using a prior uniform in cos i. A uniform prior is assigned to α, and we use loguniform priors for the parameters T 1 , F ν (λ) and ∆F ν (λ) to maintain positivity.
Priors
The Fourier amplitudes control the shape of the driving light curve and require a prior to reflect the observed character of AGN light curves ). 
. c h, the lamppost height is fixed at 6rg for this study.
Without this prior, CREAM would assign high amplitudes to higher frequency S k and C k coefficients and overfit the data. On the timescales considered here, the driving light curve is reasonably well described by a random walk, so we assign Gaussian priors with mean 0 and variance σ 2 k , to the Fourier coefficients. The random walk is equivalent to the damped random walk (DRW) assumption from Paper III with a break timescale much larger than the observing duration. The priors take the form
where C 2 k and S 2 k are the mean square amplitudes of the Fourier parameters. These priors appropriately penalize high-amplitude variability on short timescales, and P 0 is chosen so that X 2 = 1,
The light curves span 19 wavelengths λ i and the ground-based light curves consist of observations from multiple telescopes N T (λ). We incorporate the priors into a badness-of-fit (BOF) figure of merit defined by
The multiplicative factors f ij allow the model to adjust the nominal error bars of the light-curve points obtained at λ i by telescope j. We use CREAM to fit the reverberating disk model to the AGN STORM light curves. We simultaneously fit all parameters in Table 1 except for the temperature-radius index α which is fixed at α ≡ 3/4. Three independent MCMC chains, run in parallel for 10 5 iterations, verify convergence of the parameters. Figures 2, 3, and 4 show the fit to the HST, Swift , and ground-based light curves, respectively. The model gives a very good fit representing all of the major as well as most of the minor features of the observed light curves. There are some significant correlated trends in the residuals for some of the bandpasses during certain time intervals. For example, the model tends to lie below the data during days 6760 and 6820 in Figure 2 (Panels f and h). This interval lies within the period of anomalous UV and optical emissionline behaviour (see Figure 1 of Paper IV). We also note some discrepancies in the fit to the ground-based u light curve (Figure 4 ), where the model variations seem to lead the data and have sharper features. This is probably due to contaminating Balmer continuum emission, although the u-band error bars are relatively large owing to atmospheric telluric extinction. No significant residuals are present in the swift fits (Figure 3) . The posterior probability distributions for i, T 1 and α are shown in Figure 5 where, for α ≡ 3/4, we find that i = 54
• ± 6
• and T 1 = (22.2 ± 0.7) × 10 3 K. Table 2 summarizes our fit results. Model 1 fits T 1 and i with α fixed. Model 2 fits T 1 , i, and α.
Steady-state disks exhibit a T (r) slope that behaves according to Equation 2. However microlensing studies have found a range of estimated logarithmic slopes for T (r) (Blackburne et al. 2011; Jiménez-Vicente et al. 2014) . We therefore run a simulation allowing CREAM to fit the temperature-radius slope α (Equation 4). The resulting best fits give α = 0.99 ± 0.03, i = 36 ± 10
• , and T 1 = (4.71 ± 0.46) × 10 4 K. The resulting posterior probability distributions for α and T 1 are shown in Figure 5 . Corresponding T (r) properties are shown in Figure 6. 3.1. Mean Delays CREAM fits the continuum light curves directly. To produce a quantity to compare with the ICCF lags analyses of Papers II and III, we calculate the response function mean lags
as shown in Figure 7 alongside those inferred by Javelin and CCF (Paper III). We show the mean response functions and compare to the mean CCF and Javelin results. Peterson (1993) demonstrates that the mean of the response function is expected to agree with the mean CCF delay. In Paper III we fit the dependence of lag with wavelength
where the τ 0 term is included because the lags were measured relative to the HST λ 0 = 1367Å light curve. The Lag (days)
HST SWIFT u/U B g V r R i I z index β in the time-delay spectrum (Equation 14) corresponds to a temperature-radius slope α = 1/β where α is given in Equation 4. The best-fit value from Paper III (β = 0.99 ± 0.14) agrees well with the CREAM-inferred value for the temperature-radius slope (α = 0.99 ± 0.03, thus β = 1.02 ± 0.03). These results suggest the disk exhibits both a steeper temperature radial fall-off, and a higher disk temperature at r 1 , than expected for a standard thin disk. Figure 7 includes the wavelength-dependent lag spectrum for a standard α = 3/4 disk assuming an Eddington luminosity ratio of 0.1. The lag spectrum lies above this model for both the CREAM and CCF analyses. We see this also in Figure 6 , whereby T 1 is much larger for the red model than the blue model.
Diffuse continuum emission (DCE) is another possibility (Korista & Goad 2001) . Here, the BLR contributes to the continuum emission as well as the disk. Time lags are proportionally larger here owing to the larger radius of the BLR than that of the disk. Paper III considers this issue and performs spectral decomposition techniques to estimate the percentage contribution of diffuse continuum emission to each light curve. This is found to be largest at u and r wavelengths as evidence by the mean CCF lags, that lie above the CREAM models, in Figure 7 . The DCE does not however explain the high lags, above the L/L edd = 0.1 model, found across all wavelengths. Another possible interpretation of the large lags is that the driving light-curve photons are intercepted by some inner reprocessing medium that delays their path to the accretion disk. This inner reprocessing region is proposed by Gardner & Done (2016) , in which the traditional accretion disk begins at closer to 200r g , well above the 6r g value commonly thought for a nonrotating black hole. Another mechanism for truncating the accretion disk emission is a radiatively-inefficient accretion flow (RIAF) (Narayan 1996) . In this case, the disk itself may extend down to much smaller radii than the model of Gardner & Done (2016) , but ceases to radiate at low radii. Dexter & Agol (2011) introduce an inhomogeneous disk model in which temperature fluctuations occur randomly throughout the disk rather than being driven by a lamppost. This model successfully explains the large accretion disk sizes found from microlensing studies (Morgan et al. 2010; Blackburne et al. 2011 ), but lacks detailed predictions on the lag-wavelength profile.
Error-Bar Rescaling
Estimates of the error bar scale factors f ij (Equation 11) are given in Table 3 . These scale factors are with respect to the error bars adopted in Paper III. The CREAM estimates for the f factors are determined by a competition between the BOF χ 2 term and the 2N j ln f term that penalizes large f values (Equation 11). An f factor greater than unity may indicate an underestimate of the error bars.
We see that the Swift points consistently yield f values close to unity, indicating good agreement between the reverberating disk model and the data for these points. The fits to the HST light curves yield f factors around 2. A deviation from lamppost-model behavior can either be interpreted as the nominal error bars being too small, or of variability not adequately modeled by CREAM's linearised echo model. In some cases the ground-based observations require a significant error bar rescaling factor to reconcile the model with these data (Table 4) . Model 1 appears to consistently require larger rescaling factors for each telescope, and this introduces a larger penalty in the BOF (Table 2) .
There is also a correlation between f ij and the number of data points per telescope for the ground-based data. This correlation is not seen in tests with synthetic light curves and may indicate an artefact of the calibration process. We note, however, that models of the data with a This term indicates the penalty applied for expanding the error bars summed over telescopes i.
f ≡ 1 yield comparable results for α, T 1 , and inclination.
3.3. The Driving Light Curve vs. X-rays Some studies of AGN variability have found that X-ray light curves lead UV and optical light curves (Shappee et al. 2014; McHardy et al. 2016) , making X-rays a candidate for the driving light curve. Figure 8 compares the hard and soft X-ray light curves (Paper II) to CREAM's inferred driving light curve (Models 1 and 2). CREAM's driving light curve is dimensionless and normalized to X (t) = 0 and X 2 (t) = 1. To compare it with the Swift hard and soft X-ray light curves, we shift and scale the CREAM light curve to match the mean and root-mean square (RMS) of the hard and soft X-ray light curves in turn (Figure 8 ). The correlation coefficients r c of 0.35 and 0.38 for the hard and soft X-ray light curves (respectively) indicate a weak positive correlation between the CREAM estimate of the driving light curve and the X-ray light curves. We note that excluding the period of anomalous broad-line region (BLR) variability (Paper IV) does not significantly improve the level of correlation.
These findings support the conclusions in Papers II and III that the observed X-rays alone cannot drive NGC 5548's variability during this campaign. We also note that the driving light curves inferred by Models 1 and 2 exhibit similar time structure with a slight delay. This offset arises since Model 2 (α varied as a free parameter) prefers larger overall mean lags than Model 1. The large lags are enabled by the high value of T 1 inferred in Model 2 relative to Model 1.The resulting mean lags from Model 2 agree more closely with the CCF values (Paper III) than do those from Model 1.
One problem may be that the Swift data only extend up to energies of ∼ 10 keV, while the full spectral energy distribution (SED) peaks at ∼ 100 keV (Kaastra et al. 2014 ). This may mean that the Swift observations are not a suitable proxy for the driving light curve. It is also observed by Gardner & Done (2016) that, even smoothed by a response function, the hard X-ray light curve produces too much high-frequency variability to generate the UV and optical continuum light curves in NGC 5548. Gardner & Done (2016) invoke an X-ray reprocessing region between the X-rays and accretion disk that may also be responsible for the poor correlations between the CREAM and X-ray light curves. We also speculate here that the accretion disk itself may well see the X-ray emission, but the observer does not. The poor correlation observed between the X-ray and UV light curves may simply be the effect of some absorbing medium between the X-ray-emitting corona and the observer that shields the X-ray emission from view but leaves it visible to the disk. Despite these observations, we note that models with the X-rays as the driving light curve can also work well (Troyer et al. 2016 ). NGC 5548 is therefore clearly different in that respect. Table 2 ). The model light curves are shifted and scaled to match the mean and RMS of the X-ray data. The dashed lines enclose the BLR anomaly (Paper IV).
ACCRETION-DISK SPECTRUM
The response light curves are compared against the driver X(t) in Figure 9 . We note crucially that the accretion-disk variations from the faint state through to the bright state are linear. The lack of curvature validates the use of the linearized echo model (Equation 6 ) to fit the light curves in Figures 2 to 4 . Other features of interest in Figure 9 are the apparent steepness of the fit to both the ground-based u and Swift U light curves relative to the other wavelengths. This behavior could in part be due to Balmer continuum emission from the BLR (Korista & Goad 2001, Paper III) . A similar steepening in the r -band light curve may be attributable to Hα BLR contamination (Paper III).
We now use the linear relation between the driving and echo light-curve fluxes to estimate the accretion-disk spectrum using a technique similar to the flux vector gradient (FVG) method (Cackett et al. 2007; Haas et al. 2011) . The host-galaxy flux at the shortest wavelength is taken as the point where the linear fit crosses zero at the shortest wavelength (see the lower panel of Figure  9 ) at X (t) = X gal . The host-galaxy contribution at the larger wavelengths is given by the linear trend lines evaluated at X gal . The faintest and brightest points of the light curves f ν (λ, t) yield corresponding faint and bright states for the driving light curve X F and X B with which to evaluate a faint-and bright-state accretion-disk spectrum. The galaxy, faint-state disk f Figure 10 and are obtained using
and
Figure 11 displays the mean accretion disk spectrum obtained by averaging the flux from Equations 16 and 17. For reference, we overlay a blackbody spectrum evaluated for a face-on disk, with M BH = 10 7.51 M (Pancoast et al. 2014) , and adopt the Eddington ratio L/L Edd = 0.1 (Paper III). We correct for Milky Way extinction using Seaton (1979) with an E(B − V ) parameter of 0.02 mag (Cackett et al. 2007) .
Figures 10 and 11 show evidence that the minimum and maximum disk spectra turn down at short wavelengths. This could be evidence of the short-wavelength Wien cutoff predicted by blackbody models. The standard L/L Edd = 0.1 spectrum (dashed line in Figure 11 ) also displays this turndown but more slowly, and toward shorter wavelengths than the mean disk spectrum. Figure 11 also shows that the accretion-disk spectrum appears in general too faint to be explained by a standard blackbody-emitting accretion disk with L/L Edd = 0.1. This difference is the same as the "flux size" problem found in microlensing estimates of accretion-disk sizes (Morgan et al. 2010) .
We end this section by tentatively proposing a mechanism to account for both the large CREAM and CCF lags from Paper III, and the apparent faint accretion-disk spectrum. We suggest a modification to the standard blackbody-emitting disk. For a standard disk, the flux is simply the summation of blackbody curves of discrete annuli that increase in radius. We suggest that each annulus is only partially covered with blackbody-emitting material with a covering fraction f c (r). We investigate a power-law covering fraction
The two parameters are the covering fraction f 1 at r 1 = 1 light day, and a slope parameter γ that governs how quickly the disk transitions from fully blackbodyemitting annuli (f c = 1) to annuli with little or no blackbody emission (f c = 0). We incorporate the covering fraction into our calculation of the transfer function (Equation A5) and then fit the mean lags at each of the STORM light-curve wavelengths. Using a simple grid search, simultaneously minimizing χ 2 of the CCF lags (Paper III and Figure 7 ) and the mean disk spectra (Figure 11 ), we optimize the covering fraction parameters r 1 and γ with mean lags and uncertainties from the CCF analyses of Paper III. The best-fit values and uncertainties are r 1 = 0.34 ± 0.01 and γ = 0.33 ± 0.03. The resulting lag and disk spectra are shown by the dashed lines in Figures 7 and 11 . Figure 7 demonstrates that incorporating a partially covered accretion disk can go at least some way to reconciling the difference in the observed and expected time lags. We see also from Figure  11 that the accretion-disk spectrum is too faint to be explained by a standard blackbody accretion disk with L/L Edd = 0.1, and that a partial blackbody disk model can again go some way to account for this.
Despite these results, we acknowledge that other authors find somewhat lower Eddington ratios for this object. For example, Brenneman et al. (2012) find L/L Edd = 0.08 and Hönig et al. (2014) argue for a value as low as L/L Edd = 0.01. It may therefore be that partial covering is not required to dim a standard disk model to match the mean disk spectrum, and is needed only to reconcile the long lags with the standard disk model. We also note that Paper III performs more sophisticated spectral decomposition techniques to estimate the hostgalaxy contribution and finds a fainter galaxy (and thus brighter accretion disk) SED than that presented here. This further reduces the need for a covered disk model to the point where such a model may only be needed to explain the time lags rather than also being required to dim the flux spectrum. Further investigation of the covering fraction is well beyond the scope of this work but may form the basis of future studies.
The large lag spectrum (Figure 7 ) may also support the findings of Gardner & Done (2016) , whereby the disk does not respond to a single point-source driving light curve, but rather to a diffuse region that intercepts X-ray photons and re-emits these onto the accretion disk. This hypothesis is further supported by the poor correlation between the CREAM-inferred driving light curve and the Swift X-ray light curves. 
DISCUSSION
We fit the 19 AGN STORM continuum light curves of NGC 5548 with our Continuum REprocesing AGN MCMC code CREAM. CREAM assumes that accretion-disk time lags arise due to thermal reprocessing of irradiating photons from a time-varying point source (lamppost). CREAM models the lamppost light curve as a sum of Fourier sine and cosine terms with amplitudes constrained by a random-walk prior. The code requires one or more input continuum light curves and fits a response function for each wavelength parametrized by inclination, temperature T 1 at 1 light day, and slope of the temperature-radius profile. We first fit the light curves assuming a steady-state disk (T ∝ r −α , where α ≡ 3/4) and find best-fit values of T 1 = (22.2 ± 0.7) × 10 3 K and i = 54
• ±6
• . If we relax the thin-disk temperature-radius law, the inferred disk parameters are T 1 = (47 ± 5) × 10 3 K, i = 37
• ± 10 • , and α = 0.99 ± 0.03. Such a steeper fall-off of temperature with radius than expected from a steady-state disk leads to a mean lag spectrum broadly in agreement with Paper III.
In general, the lamppost model seems to fit the continuum light curves from the 2014 STORM monitoring campaign relatively well. While there is a period of anomalous variability in the broad lines (Paper IV), this does not appear to be repeated in the continuum light curves. We also find that flux variations across all the continuum light curves from faint to bright states are linear, again consistent with a disk-reprocessing model. On the other hand, our analysis infers properties of the disk that are not consistent with X-ray reprocessing by a standard blackbody accretion disk. We first note from Figure 8 that the X-rays, in this observing campaign, appear to be a poor proxy for the driving light curve, as they do not correlate well with the continuum driving light curve inferred from CREAM. We also find large mean delays in the light-curve transfer functions across the Swift and ground-based data, in agreement with Paper III, and note the presence of a fainter accretion-disk spectrum than that which would be predicted assuming a standard blackbody accretion disk emitting at L/L Edd = 0.1.
We suggest here that the large observed mean lags from both CREAM and CCF techniques may be the result of an accretion disk that is only partially covered with blackbody-emitting material with a covering fraction that increases with radius. While this model can explain the large time lags, it also requires an accretion disk that is much dimmer than observed here and in Paper III. A Gardner & Done (2016) model may be the answer here, in which double reprocessing of X-rays occur. This will also give rise to the large time lags we see in Figure 7 relative to the driving light curve, since photons require multiple light-travel paths before intercepting the accretion disk. Another interpretation is that the inner disk is tilted relative to the outer disk, aligning itself with the spin of the black hole inward of some radius (Nealon et al. 2015) . The implication of this interpretation is that the driving light curve is actually just the emission from the inner tilted disk. This again introduces the concept of double reprocessing in that the X-rays initially reverberate from the inner accretion disk, which then irradiates the outer disk.
We again emphasize that the origin of the driving light curve remains ambiguous and requires further investigation of the correlations and lags of X-ray, UV, and optical continuum light curves. Be it an inner cylindrical X-ray reprocessing medium (Gardner & Done 2016) , an inner tilted accretion disk model (Nealon et al. 2015) , or something not yet conceived, it seems that our understanding of the driving light-curve mechanism will improve considerably in the near future. 
RESPONSE FUNCTION
The disk is modelled as a blackbody with local temperature T determined by the viscous heating and lamppost irradiation. Variable lamppost irradiation is realized by the disk surface after a delay τ that is a function of inclination and radius. The flux is the integral of the Planck function B ν (T ) over surface elements with solid angle dΩ,
T (t − τ ) is the disk temperature at the appropriate look-back time τ . We then must sum this over all points in the disk, each with its own time delay. If X (t) is the driving light curve, the resulting convolution integral takes the form
Differentiating with respect to the driving light curve, X (t − τ ) gives
where the delta function considers only disk surface elements, τ (r, θ), with a common delay τ . The result is
CREAM evaluates this integral numerically as a sum over a grid that is logarithmic in radius and uniform in azimuth,
where ∆Ω = r ir ∆r ir ∆θ/D 2 L is the solid-angle element, D L is the luminosity distance, and F x and L x are the driving light curve X (t) expressed as a flux and luminosity (respectively). f c is the covering fraction introduced in Section 4. Since we are already normalising ψ (τ |λ) using Equation 7, the ∂L x /∂F x term is present only as a conceptual aid, introducing a constant factor of 4π to the response function that does not affect the final result. In this work, the response function is evaluated up to a maximum delay of 50 days. a a f is the error bar scale factor, σ is the mean error bar at each wavelength, and N is the number of data points for each telescope-filter combination. 
